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Table 3A: Exargmes of 2 consecutive coefficients 

Notation Pattern 

R'(OQL xx 

R'(Ll) 0x 

Table 3B: Examples of 3 consecutive coef?cients 

Notation Pattern 

R103) xxx 

R113) Oxx 

R'(lll 00x 

Table 3C: Examples of 4 consecutive coefficients 

Notation Pattern 

R'(O,4) xxxx 

R'( 1 ,3) Oxxx 

R‘ (2 ,2) 00xx 

R'(3,1) 000x 

Table 3D: Examples of 5 consecutive coefficients 

Notation Pattern 

R‘(0,5) xxxxx 

R‘Q,¢D Oxxxx 

R'(2,3) 00m 

R'(3,2) OOOxx 

R'(4,1) 0000x 
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FIG. 5A 

FIG. 55 

FIG. 5C 

FIG. 5D 
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Table 6A: Examples of 2 consecutive coef?cients 

Notation Pattern 

RLILD x0 

Table 6B: Examples of 3 consecutive coef?cients 

Notation Pattern 

RLQE XXO 

R(1,1) 0x0 

Table 6C: EX?llHJlBS of 4 consecutive coefficients 

Notation Pattern 

M03) xxxO 

R(l ,2) 07010 

g2, l) 00x0 

Table 6D: Examples of 5 consecutive coefficients 

Notation Pattern 

R(0,4) xxxxO 

R(l ,3L OxxxO 

R(2,2) 00xx0 

R(3,l) 000x0 

US 7,471,840 B2 

FIG. 8A 

FIG. 85 

FIG. 8C 

FIG. 8D 



US. Patent Dec. 30, 2008 Sheet 8 of 12 US 7,471,840 B2 

Table 6E: Examples of six consecutive coefficients 

Notation Pattern 

R(0,5) xxxxxO 
R( 1 ,4) OxxxxO 

R(2,3) 00xxx0 

R6 ,2) 000x110 
R(4,l) OOOOXO 

FIG. 8E 

Table 6F: Examples of 12 consecutive coefficients (the maximum) 

FIG. 8F 

Notation Pattern Comment 

R(0,l2) xxxxxxxmxx No zero at end;avoids escape 

R(0,1 l) xxxxxxxxxxxO 
R(1,11) Oxxxxxxxxxxx No zero at end; avoids escape 

R(1,10) OxxxxxxxxxxO 
R(2,10) 00xxxxxxxxxx No zero at end; avoids escape 

R(2,9) 00xxxxxxxxx0 

R(6,6) 000000xxxxxx No zero at end; avoids escape 

R(6,5) 000000xxxxx0 

R(10,2) 0000000000“ No zero at end; avoids escape 

R(10,l) 0000000000x0 
R(l 1,1) OOOOOOOOOOOX No zero at end; avoids escape 

R( 12,0) 000000000000 Ail zeroes 
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TWO-DIMENSIONAL VARIABLE LENGTH 
CODING OF RUNS OF ZERO AND 

NON-ZERO TRANSFORM COEFFICIENTS 
FOR IMAGE COMPRESSION 

RELATED PATENT APPLICATIONS 

This invention is related to concurrently ?led US. patent 
application Ser. No. 10/ 922,507 to inventors Chen, et al. titled 
VIDEO CODING USING MULTI-DIMENSIONAL 
AMPLITUDE CODING AND 2-D NON-ZERO/ZERO 
CLUSTER POSITION CODING, US. patent application 
Ser. No. 10/922,507 is incorporated herein by reference, 
except any material incorporated by reference in US. patent 
application Ser. No. 10/922,507 and not explicitly incorpo 
rated by reference in the present disclosure. 

BACKGROUND 

The present invention relates to image coding, and in par 
ticular to variable length coding of an ordered series of quan 
tiZed transform coef?cients of a transform of a block of image 
data. 

TWo-dimensional variable length coding, referred to as 
2D-VLC, has been Widely used to code quantized transform 
coe?icients. In traditional 2D-VLC, statistics are collected or 
assumed of events that include a run of consecutive Zero 
valued coef?cients folloWed by a single non-Zero amplitude 
coe?icient that folloWs the run length. The ordering of the 
series of quantized transform coef?cients is along a pre-se 
lected path, e.g., a Zig-Zag path, in the tWo-dimensional path 
of the transform. Thus, in a typical implementation, a tWo 
dimensional table consisting of the ending amplitude and the 
run-length of the preceding consecutive Zero-valued coef? 
cients is constructed and variable length codes, such as opti 
mal Huffman codes or arithmetic codes, are assigned accord 
ing to the assumed or measured statistics to form the 2D-VLC 
table for the subsequent encoding process. Shorter code 
lengths are used for the more likely-to-occur, e.g., more fre 
quently occurring events. 
2D-VLC is used in common transform coding methods, 

such as J PEG, MPEG1 , MPEG2, ITU-T-261, etc., as folloWs. 
For motion video, an image is divided into blocks, e.g., 8 by 
8 or 16 by 16 blocks. Each image is classi?ed as interframe or 
intraframe. Interframe images are typically post motion com 
pensation. The blocks of the image are transformed and the 
transform coef?cients are quantiZed. The quantiZed trans 
form coef?cients are then coded along a speci?ed path 
according to a 2D-VLC table. Interframe and intraframe 
images typically have different 2D-VLC tables. The DC com 
ponent is typically separately encoded. Furthermore, the 
2D-VLC table may be truncated so that the least frequently 
occurring events use an escape code folloWed by a ?xed 
length code. A special “EOB” code is used to indicate the end 
of the block When all remaining coef?cients are Zero. 

FIG. 1 shoWs hoW a table lookup may be used to implement 
a 2D-VLC scheme. Prior to the table look up, the runlength of 
Zero amplitudes preceding any non-Zero amplitude and the 
non-Zero amplitude are determined. The table look up uses a 
2D table for those likely-to-occur events encoded using vari 
able length encoding. An escape code together With a ?xed 
length code is used for relatively less likely-to-occur combi 
nations. 

One advantage of traditional 2D-VLC is that the position of 
each non-Zero-valued quantiZed coef?cient and its amplitude 
are coded simultaneously, Which generally results in shorter 
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2 
code lengths than using a separate code, e.g., a VLC code for 
each non-Zero-valued coef?cient and coe?icient amplitude. 

Because of the Widespread use of image coding, many 
patents have been issued on different forms of VLC. US. Pat. 
No. 4,698,672 issued Oct. 6, 1987 to Wen-hsiung Chen, one 
of the inventors of the present invention, for example, 
described one form of a tWo-dimensional variable length 
coding method. 

Extensions and variations to the common 2D-VLC method 
are knoWn. For example, the ITU H.263 compression stan 
dard de?nes one such variation sometimes called three-di 
mensional VLC (3D-VLC). See PCT patent publication WO 
9318616 published Sep. 16, 1993 titled PICTURE DATA 
ENCODING METHOD and also the ITU-T H.263 standard. 
In 3D-VLC, each symbol (“event”) is a triplet (LAST, RUN, 
LEVEL) that includes: LAST, a binary ?ag that indicates 
Whether or not the current non-Zero amplitude-value is the 
last non-Zero-valued coe?icient in the block, RUN, the run 
length of Zero-value coef?cients that precede the current non 
Zero amplitude, i.e., the number of Zeroes since the last non 
Zero coe?icient amplitude, and LEVEL, the current non-Zero 
coe?icient amplitude value. Thus, there is no need for a 
separate EOB codeWord; Whether or not the non-Zero -valued 
coe?icient is the last one is incorporated into the event. 

FIG. 2 shoWs hoW a table lookup may be used to implement 
3D-VLC. 
One de?ciency of 2D-VLC is that every non-Zero-valued 

coe?icient needs to be accompanied by a runlength code to 
identify its position, in the form of the number of preceding 
Zero-valued coe?icients. 

In block based transform coding, there often is a region, 
e.g., a low-frequency region along the ordering in Which 
non-Zero-valued coef?cients tend to cluster, i.e., there are 
often a number of consecutive non-Zero-valued coef?cients 
along the loW frequency region of the pre-determined path. 
Each one of a number of such consecutive non-Zero-valued 
coef?cients Would require the same number of codeWords 
representing the position and amplitude. 
US. patent application Ser. No. 10/342,537 to inventors 

Chen et al., ?led Jan. 15, 2003 and titled AN EXTENSION 
OF TWO-DIMENSIONAL VARIABLE LENGTH COD 
ING FOR IMAGE COMPRESSION describes a method 
called the “Extended 2D-VLC Method” herein that includes 
encoding repetitions of some non-Zero coe?icient values. 
One variant of the Extended 2D-VLC method provides codes 
for all the possible amplitude variations of consecutive coef 
?cients that folloW a set of Zero-valued coe?icients. This 
effectively reduces the runlength to 1 for all cases. The di?i 
culty of this approach is that there are enormous numbers of 
patterns that can be generated from the amplitudes of con 
secutive coe?icients. For example, With 32 quantiZation lev 
els as de?ned in many common video coding standards, there 
are in the order of 32” patterns that can be generated from n 
consecutive coe?icients. As such, in a practical implementa 
tion, only a limited number of the most likely-to-occur non 
Zero amplitude values, such as 1 and 2, and a limited number 
of lengths of consecutive non-Zero-values, such as 3 or 4 
consecutive values, are regrouped for pattern matching. 

Furthermore, in coding, While there may be a region Where 
there are clusters of non-Zero-valued coe?icients, there is also 
likely to be a high frequency region Where any non-Zero 
valued coef?cients are likely to be scattered. 

With these observations in mind, US. patent application 
Ser. No. 10/869,229 to inventors Chen et al., ?led Jun. 15, 
2004 and titledA HYBRID VARIABLE LENGTH CODING 
METHOD FOR LOW BIT RATE VIDEO CODING, Was 
developed to encode the position and amplitude of quantiZed 
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transform coef?cients separately and to take advantage of the 
nature of the distribution of the transform coef?cients in the 
loW frequency and high frequency regions. US. patent appli 
cation Ser. No. 10/869,229 is incorporated herein by refer 
ence, except any material incorporated by reference in US. 
patent application Ser. No. 10/869,229 and not explicitly 
incorporated by reference in the present disclosure. The 
methods described in US. patent application Ser. No. 10/ 869, 
229 are each and collectively called the “Basic Hybrid VLC 
Method” herein. 
US. patent application Ser. No. 10/898,654 to inventors 

Chen et al., ?led Jul. 22, 2004 and titled AN EXTENDED 
HYBRID VARIABLE LENGTH CODING METHOD FOR 
LOW BIT RATE VIDEO CODING, Was invented, and pro 
vides an alternative coding method for the high frequency 
region by taking advantage of the very feW amplitude values 
in the high frequency region, especially, for example, for loW 
bit rate and interframe applications. US. patent application 
Ser. No. 10/898,654 is incorporated herein by reference, 
except any material incorporated by reference in US. patent 
application Ser. No. 10/898,654 and not explicitly incorpo 
rated by reference in the present disclosure. The methods 
described in US. patent application Ser. No. 10/ 898,654 are 
each and collectively called the “Extended Hybrid VLC 
Method” herein. 

In one embodiment of the above-mentioned Basic Hybrid 
VLC Method, tWo independent types of coding schemes are 
introduced to code the quantiZed coef?cients along the path. 
A boundary is established along the path to de?ne tWo 
regions, e.g., a loW frequency region and a high frequency 
region. The boundary can be made adaptive to the video 
depending on a number of factors such as intraframe coding 
or interframe coding, standard de?nition television (SDTV) 
or high de?nition television (HDTV), complex scene or 
simple scene, high bit rate coding or loW bit rate coding, and 
so forth. In one embodiment, the encoding of the quantiZed 
coef?cients in the loW-frequency region includes coding the 
positions of consecutive non-Zero-valued coef?cients and the 
positions of consecutive Zero-valued coef?cients using a run 
length coding method of a ?rst type and a run-length coding 
method of a second type. The encoding further includes cod 
ing the amplitude values and sign of the non-Zero-valued 
coe?icients. In the high-frequency region, in one embodi 
ment, the encoding of coef?cients in the high frequency 
region includes encoding the positions of runs of none or 
more consecutive Zero-valued coef?cients using a run-length 
coding method of a third type. The encoding further includes 
coding the amplitude values and sign of the non-Zero-valued 
coe?icients. 

In one embodiment of the above-mentioned Extended 
Hybrid VLC Method, a coding method is used in the second 
region that takes into account that almost all non-Zero-valued 
coef?cients in the high frequency region are :1 . No amplitude 
coding is needed to encode runs of consecutive Zeroes that 
end in a coe?icient of amplitude 1. An exception (escape) 
code is included to encode those rare non-Zero-valued coef 
?cients that have values other than :1. 

Although the Basic Hybrid VLC Method and the Extended 
Hybrid VLC Method provide potential improvement beyond 
using a single 2D-VLC technique for all quantiZed coef? 
cients in a block, these methods may not be optimal for 
various reasons, including that the dynamic nature of the 
quantiZed block coef?cients may not exactly match the model 
assumed in a pre-determined coding technique. By the 
dynamic nature, We mean changed in block-to-block, and 
image to image in one or more of the cluster or scatter of the 
coef?cients in a region, in Whether a region has signi?cant 
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4 
consecutive runs of non-Zero-valued coef?cients or mostly 
isolated non-Zero -valued coe?icients, in Whether a region has 
coef?cients With amplitudes dominated by a feW values or 
even a single value, and so forth. 
US. patent application Ser. No. 10/ 910,712 to inventors 

Chen et al., ?led Aug. 3, 2004 and titled VIDEO COMPRES 
SION USING MULTIPLE VARIABLE LENGTH CODING 
PROCESSES FOR MULTIPLE CLASSES OF TRANS 
FORM COEFFICIENT BLOCKS, describes a method that 
includes classifying each block of quantiZed coef?cients to 
one of a plurality of classes. Each class has a corresponding 
method (a coding strategy) applicable to that type of data, 
e.g., to the types of statistical distributions of Zero and non 
Zero-valued coe?icients, including Whether the non-Zero 
coef?cients are clustered or scattered, Whether the non-Zero 
valued coe?icients, other than the DC value, are dominated 
With amplitide-l-coef?cients, and Whether or not a break 
point can be established that de?nes a ?rst region Wherein the 
non-Zero-coef?cients are clustered, and a second region 
Wherein the non-Zero valued coef?cients are scattered. Thus, 
one of a plurality of coding strategies is applied according to 
the nature of the coe?icients. In one embodiment, the classi 
fying compares the results of applying the corresponding 
strategies, and selects the class and thus the strategy accord 
ing to Which corresponding strategy provides the best com 
pression. US. patent application Ser. No. 10/910,712 is 
incorporated herein by reference, except any material incor 
porated by reference in US. patent application Ser. No. 
10/910,712 and not explicitly incorporated by reference in the 
present disclosure. The methods described in US. patent 
application Ser. No. 10/ 910,712 are each and collectively 
called the “Multi-Class VLC Method” herein. 

In the Basic Hybrid VLC Method and the Extended Hybrid 
VLC Method, the consecutive non-Zero-valued coef?cients 
and the consecutive Zero-valued coef?cients in the loW fre 
quency region are coded alternatively using tWo independent 
one-dimensional variable length coding methods. It Would be 
desirable to pair the consecutive non-Zero-valued coef?cients 
and Zero-valued coef?cients as a single event and apply a 
single variable length to the pair. 
Thus there is still room for improvement in hoW to encode 

a series of quantiZed coe?icients, in particular for a series in 
Which there are clusters of non-Zero-valued coe?icients. 

Thus, there is still a need in the art for variable length 
coding methods applicable to quantiZed coef?cients for trans 
form image coding. Such methods can be added to the corre 
sponding methods in the above-described Multi-Class VLC 
Method. 

Furthermore, one or more patents describing some existing 
2D-VLC coding methods have recently been the subject of 
patent litigation. Thus, there is a need in the art for alternate 
methods that can replace commonly used 2D-VLC methods 
that have been the subject of such litigation. 

SUMMARY 

Described herein are a method, an apparatus, and carrier 
medium to encode a series of signals having the most likely 
to-occur value and at least one other value. The application is 
for encoding a series of quantiZed transform coef?cients of a 
block of image data. One method embodiment includes, in a 
?rst region, identifying events that each includes a run of 
Zero-valued coef?cients preceding a run of one or more non 

Zero-valued coe?icients, and for each such event, jointly 
encoding the run lengths of the preceding run of Zero-valued 
coef?cients and the folloWing run of non-Zero-valued coef? 
cients With a codeWord, such that for at least some events, 
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relatively more likely-to-occur pairs of runlengths are 
encoded by a shorter codeword than relatively less likely-to 
occur runlengths. The method further includes encoding each 
amplitude in the run of consecutive non-Zero-valued coef? 
cients, and encoding the signs of such coef?cients. The 
method is applicable to encoding a region in the series Where 
there is likely to be a cluster of non-Zero-valued coe?icients. 
Other features, advantages, and aspects Will be apparent from 
the description and claims herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs hoW a prior art 2-D VLC method may be 
implemented by a table look-up. 

FIG. 2 shoWs hoW a common prior art variation of 2-DVLC 
called 3D-VLC may be implemented by a table look-up. 

FIG. 3 shoWs a table of statistics of events according to a 
prior art 2-D VLC method. 

FIG. 4 shoWs a code table for coding events according to a 
prior art 2-D VLC method. 

FIGS. 5A-5D shoW tables that each shoW examples of 
events according to an embodiment of the invention. In the 
patterns, an “x” indicates a non-Zero value. 

FIG. 6 shoWs a table of statistics collected for events of runs 
of none or more Zero-valued-coef?cients folloWed by a run of 

non-Zero-valued coef?cients according to an embodiment of 
the invention. 

FIG. 7 shoWs a table of variable length codes for events of 
runs of none or more Zero-valued-coef?cients folloWed by a 
run of non-Zero-valued coef?cients according to an embodi 
ment of the invention. 

FIGS. 8A-8F shoW tables that each shoW examples of 
events according to an improved embodiment of the invention 
in Which events of runs of Zero-valued coef?cients folloWed 
by runs of non-Zero-valued coef?cients include a folloWing 
Zero-valued coef?cient. The events are truncated to cover no 
more than 12 consecutive coef?cients. 

FIG. 9 shoWs a table of statistics collected or assumed for 
events of runs of none or more Zero-valued-coef?cients fol 

loWed by a run of non-Zero-valued coef?cients folloWed by a 
single Zero -valued-coef?cient according to an embodiment of 
the invention. 

FIG. 10 shoWs a table of variable length codes for events of 
runs of none or more Zero-valued-coef?cients folloWed by a 

run of non-Zero-valued coef?cients folloWed by a single Zero 
valued-coef?cient according to an embodiment of the inven 
tion. 

FIG. 11 shoWs a table of actual statistics for a sample image 
for a ?rst region With a breakpoint of 12 that forms a soft 
boundary. Note that the event skip is the same as the event 

R(l2,0). 
FIG. 12 shoWs an apparatus embodiment that includes a 

processing system With a processor and a memory imple 
menting the coding methods described herein. 

DETAILED DESCRIPTION 

An aspect of the present invention encodes, using a vari 
able length code, events of a run of consecutive Zero-valued 
coef?cients that are folloWed by a run of consecutive-non 
Zero-valued coef?cients folloWed by single Zero-value. The 
inventors believe this provides an ef?cient code for a series of 
coe?icients, or a region of such a series Wherein the non-Zero 
valued coef?cients may cluster. 

Consider ?rst traditional 2D-VLC. FIG. 3 shoWs Table 1 
that presents, as an example, the statistics of events for tradi 
tional 2D-VLC tabulated as a tWo dimensional table. In the 
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6 
table, S2D(Z,II1) is the likelihood expressed, for example, as a 
relative number of occurrences of a run of i consecutive 

Zero-valued-coe?icients, 2:0, 1, 2, . . . folloWed by an ampli 
tude ofm, m:l, 2, . .. 

In 2D-VLC, a variable length code such as an optimal code 
is assigned to each, or least some of the events that have an 
S2D(Z,II1) above, With the most likely-to-occur element hav 
ing the shortest number of bits, and the least occurring event 
coded using the longest number of bits. FIG. 4 shoWs Table 2 
that presents, as an example, a 2D-VLC table Where C2D(Z,II1) 
is the codeWord used to encode the event of the combination 
of Z consecutive 0-valued coef?cients folloWed by a single 
non-Zero coe?icient of magnitude or amplitude m, i:0, l, . . . 

andm:l, 2, . . .. 

Suppose the series of quantized transform coef?cients is: 
5 l003420002010300000000000000000000010000000 

00000010000000000000. 
Such a series Would be encoded in conventional 2D-VLC 

as: 

Where + represents concatenation, and Where C2D(Z,II1) 
denotes the 2D-VLC code, Z denotes the number of Zero 
value coef?cients preceding a non-Zero-amplitude value, and 
m represents the amplitudeialso called magnitude ignoring 
the signivalue to be encoded, and Where EOB represents a 
code that indicates the end of the block, i.e., all remaining 
coef?cients are Zero-valued. Note that the above does not 
include encoding the sign of the coef?cients. Those in the art 
Will understand that coef?cients may be positive or negative, 
and that each non-Zero coe?icient value is therefore further 
encoded by a sign bit to indicate the sign, or, in an alternate 
embodiment, each non-Zero coef?cient is encoded in its 
entirety including the sign. Signs are not included in the 
discussion in order not to obscure the inventive aspect. 

It is common to separately encode the DC termithe ?rst 
transform coe?icientiusing a separate amplitude code. Let 
DC(m) indicate the codeWord for the DC amplitude. In such 
a method, the above set of coef?cients Would be encoded 
using conventional 2D-VLC as: 

Wherein EOB is the code indicating that the remainder of 
the series is a run of Zero-valued coef?cients and + represents 
concatenation. In practice, some of the less likely-to-occur 
events are coded With an escape code folloWed by a ?xed 
length codeWord. 
The Basic Hybrid and Extended HybridVLC Methods use 

the observation that for many series of quantized transform 
coe?icients, there is a breakpoint that de?nes a ?rst region in 
Which there are non-Zero-valued coef?cients that are clus 
tered, and a second, e. g., high-frequency region in Which 
most non-Zero-valued coef?cients are scattered. In the ?rst 
region, runs of Zero-valued coef?cients and runs of non-Zero 
valued coef?cients are identi?ed. A ?rst variable length code 
is used for the runs of Zero-valued coef?cients, and a second 
runlength code is used for the runs of non-Zero-valued coef 
?cients. Thus, tWo one-dimensional runlength codes are alter 
nately applied. The DC is separately encoded. It is assumed 
that the series starts With a run of non-Zero-valued coef? 
cients, and a particular codeWord indicates that this is a null 
run, i.e., that the series starts With a Zero-valued coef?cient. 

Consider the series above (excluding the DC term): 
l0034200020103000000000000000000000100000000 

0000010000000000000. 
Consider ?rst the Basic Hybrid Method. Assume for sim 

plicity that no sign bits are included in the coding. Suppose 
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that a breakpoint is established at 15 that de?nes a ?rst region 
up to 15 Wherein the non-Zero-coef?cients tend to cluster, and 
a second region Wherein the non-Zero-valued coef?cients 
tend to scatter. In such a case, denoting by x a non-Zero 
valued coef?cient, the ?rst region of the series (Without a DC 
term) may be Written as: 

and the second region as: 
00000000000000000000x0000000000000x000000000 

0000. 
Denote by m the run of n consecutive non-Zero coef? 

cients, and r'Z the run of Z consecutive Zero-valued coef? 
cients in the ?rst region, I1,Z:1,2, . . . . The ordered sequence 

of the example then starts With: 

For the second region, denote by r"Z, Z:0,1, . . . , runs of 

consecutive Zero-valued coef?cients. Then, according to the 
Basic Hybrid method, the second region has the events: 

r"20 r"13 End 
Where SKIP denotes that the remainder of the coef?cients 

to the breakpoint are Zero and End denotes that the remainder 
of the coef?cients are Zero. 

Denote by cn the variable length code according to a ?rst 
variable length coding method for encoding the runlengths of 
the non-Zero-valued coe?icients. Similarly denote by c'Z the 
variable length code according to a second variable length 
coding method for encoding the runlengths of the Zero -valued 
coef?cients in the ?rst region. Further denote by Am the 
codeWord used to encode the amplitude m, m:1, 2, . . . of 
non-Zero-valued coef?cients in the ?rst region according to a 
?rst amplitude coding method, and denote by A"m the code 
Word used to encode the amplitude m, m:1, 2, . . . of non 

Zero-valued coef?cients in the second region according to a 
second amplitude coding method. 

Leaving out sign bits, the ?rst region Would then be 
encoded as: 

and the second region Would be encoded as: 

Where Skip and EOB represent codeWords indicating that 
the remainder of the series has only Zero-valued coe?icients, 
and +represents concatenation. Note that according to the 
Extended Hybrid Coding Method, coef?cient amplitudes are 
assumed to be 1, such that runs of Zero-valued-coe?icients 
ending in a single amplitude-l-coef?cient require no further 
amplitude encoding. Amplitudes greater than 1 are encoded 
by an exception code folloWed by an amplitude code for 
amplitudes greater than 1 . Thus, the second region Would not 
include the amplitude codes, since they are for amplitude 1. 

In practical implementations of conventional 2D-VLC, in 
order to reduce the siZe of the coding tables, some of the less 
likely-to-occur events are encoded With ?xed length code 
Words that are preceded With What are called escape codes. 

One aspect of the present invention is avoiding using 
escape codes. 

Another aspect of the present invention is a method that 
includes, for a ?rst region of the series, identifying one or 
more events, each including a run of Zero-valued coef?cients 
folloWed by a run of non-Zero-valued coe?icients. The 
method further includes encoding each such identi?ed event 
by a single variable length code, e.g., from a single table. With 
the Basic and Extended Hybrid Methods, such pair of events 
Would be encoded by tWo codeWords according to the ?rst and 
the second one-dimensional runlength coding methods. 
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8 
In one embodiment, the ?rst region is the Whole series of 

the quantized transform coe?icients. For simplicity, this case 
Will be the ?rst considered. 

Each identi?ed event may be de?ned by the runlengths of 
the Zero-valued and non-Zero-valued coef?cients. Denote by 
R'(Z,n) a run of Z consecutive Zero-values coef?cients fol 
loWed by n non-Zero-valued coef?cients, With Z:0,1, 2, . . . , 

and n:1, 2, 3. . . , such that a “run” of no preceding Zero 
valued coef?cients is included. 

FIGS. 5A-5D shoW Tables 3A-3D that each shoW examples 
of events. In the patterns, an “x” indicates a non-Zero value. 

Consider again the series: 
510034200020103000000000000000000000100000000 

0000010000000000000. 
The events of the such a series, excluding the DC term (the 

amplitude 5) and not including any sign data, are: 

1),End 
Where End indicates the remainder of the series consists of 

Zero-valued-coe?icients. 
In one implementation, statistics are collected or assumed 

for each event, e. g., in a table such as Table 4 shoWn in FIG. 
6, in Which S'(Z,n) denotes the assumed or measured relative 
likelihood for the event R'(Z,n), Z:0, 1, 2, . . . and n:1, 2, . . . 

Table 5 shoWn in FIG. 7 is a variable length code table formed 
based on the assumed or collected statistics of Table 4. In 
Table 5, C'(Z,n) denotes the variable length code for the event 
R'(Z,n), Z:0, 1, 2, . . . and n:1, 2, . . . . Note that in one 

implementation, such a table is used to encode only a region, 
e.g., the ?rst loW frequency region of a series of coef?cients. 
For such a situation, a code is also needed to indicate that all 
coef?cients are Zero, in order to skip to the next region. 

Further, any non-Zero-valued coef?cients are encoded by 
an amplitude code, Which in one embodiment is implemented 
by using variable length code presented as a coding table 
according to the assumed or collected statistics. Let Am, m:1, 
2, . . . , denote the code for the quantiZed value In according to 

the amplitude coding table. 
Thus, for the above series, excluding the DC term and the 

sign of the coe?icients, the series Would be coded as folloWs: 

Where EOB is the codeWord for End that indicates all the 
remaining codeWords are 0, and Where + indicated concat 
enation. 

Since a run of non-Zero-valued coef?cients is folloWed by 
at least one Zero-valued coe?icient, or ends the series, in an 
improved implementation, events identi?ed and encoded by 
the method include a run of Zero-valued coef?cients folloWed 

by a run of non-Zero-valued-coef?cients, folloWed by a single 
Zero-valued coef?cient. With such events, more coef?cients 
are encoded by each event. The coding is expected to provide 
more compression. 
The possible number of such events is rather large, so that 

the code table that results may be rather large. In conventional 
prior art 2D-VLC, the siZe of the table is restricted by adding 
Escape codes folloWed by ?xed length codes for events that 
are less likely-to-occur. In one embodiment of the present 
invention, the siZe of the code table is also limited such that 
events up to a maximum total number of coef?cients only are 
encoded, With an additional code provided for an event of all 
Zeroes of the maximum length, and for maximal length events 
that end in a non-Zero-coef?cient. These special maximal 
length events provide for avoiding using escape codes. 

Thus denote by R(Z,n) a run of Z consecutive Zero-values 
coef?cients folloWed by n non-Zero-valued coef?cients fol 
loWed by a single Zero-valued coe?icient, With Z:0, 1, 
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2, . . . , and n:1, 2, 3, . . . . Suppose the events are truncated to 

no more than 12 coe?icients. Then for those events of length 
less than 12, z+n:11. Some of the events of 12 coef?cients for 
Which z+n:12 are events that end in a non-zero-valued coef 
?cient and can be considered “truncated” in that, if followed 
by an event that starts With a non-zero-valued coe?icient, 
such events avoid using Escape codes. One event, R(12,0) of 
all zeroes is also a truncated event. 
As an example, FIGS. 8A-8F shoW Tables 6A-6F, respec 

tively, that each shoW examples of events. In the patterns, an 
“x” indicates a non-zero value. The events are truncated to 
cover no more than 12 consecutive coe?icients. Events of 
length 12 for Which z+n:12 are indicated by “No zero at end; 
avoids escape” in FIG. 8F. Also, the event R(12,0) is shoWn 
and marked “All zeroes.” 

FIG. 9 shoWs Table 7 of collected or assumed relative 
likelihoods for events of runs of none or more zero-valued 

coef?cients folloWed by a run of a number of non-zero -valued 
coef?cients folloWed by a single zero-valued-coef?cient, 
except that some length 12 events according to an embodi 
ment of the invention, do not so end. Those length-12 events 
distinguished by having z+n:12 are shoWn in boldface, and 
may be used to avoid end or Escape codes. 

FIG. 10 shoWs Table 8 of variable length codes for the 
events shoWn in FIG. 9 according to the statistics of FIG. 9. 
The codes are for runs of none or more zero-valued-coe?i 

cients folloWed by a run of non-zero-valued coef?cients fol 
loWed by a single zero-valued-coef?cient according to an 
embodiment of the invention. 

The amplitudes are encoded according an amplitude code, 
Which in one embodiment is a variable length code described 
by a one dimensional amplitude table. Denote by Am the code 
for the amplitude m, m:1,2, . . . 

Consider again the series: 
5 10 03420 0020 10 30 000000000000 0000000010 
000000000000 10 000000000000 

Where the ?rst value is the DC value. The events of the such 
a series, excluding the DC term and not including any sign 
data, are: 

0),R(0,1),End, 
Where End indicates the remaining coef?cients are all zero 

valued. The series is encoded using Table 8 of FIG. 10 as: 

Where EOB indicates the end of block, i.e., that the remain 
der of the series is zero-valued coe?icients. Recall, again, that 
the above assumes no sign information and excludes the DC 
term. 

Multiple Regions 
The inventors observed that in actual series of quantized 

transform coef?cients of image blocks, there is typically at 
least one breakpoint that de?nes at least tWo regions such that 
non-zero coef?cients cluster in one region, and tend to be 
scattered in the second region. This is the basis of the Basic 
and Extended Hybrid Coding Methods. 

TWo Regions 
The variable length coding method described herein is 

suitable for coding the Whole region or any region. For 
example, the variable length coding method described is 
applicable to any region Where non-zero-valued coef?cients 
are clustered. According to the above-described Basic Hybrid 
and Extended Hybrid VLC Methods, an event R'(z,n) Would 
be encoded by tWo runlength coding tables and a single 
amplitude coding table. Using aspects of the present inven 
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10 
tion, such an event may be encoded by a single runlength 
coding table and a single amplitude coding table. Further 
more, there may be regions Where the statistics for such 
events are signi?cantly different. For example, the inventors 
observed that at the start of a block, the ?rst cluster of quan 
tized coef?cients has larger amplitudes than the later clusters. 

In a ?rst embodiment, the coding method includes estab 
lishing a breakpoint along the path of the ordering of the 
coef?cients to identify a ?rst, e.g., loW-frequency region and 
a second, e.g., high frequency region. The encoding of the 
coef?cients in the ?rst region includes identifying a joint 
event that includes a ?rst run of one or more consecutive 
zero-valued coef?cients folloWed by a second run of consecu 
tive none or more non-valued coef?cients folloWed by a 
single zero-valued coe?icient. Each such event is identi?ed 
by the number of zero-valued coef?cients in the ?rst run and 
the number of zero-valued coef?cients in the second run. 

In one version, each identi?ed event only includes up to a 
pre-determined number of coe?icients, called the maximal 
length herein. In such a situation, there may be a need for 
encoding a sequence of consecutive zero-valued coef?cients 
folloWed by a run of non-zero coe?icients, With the tWo 
runlengths being greater than the maximal length. For 
example, if the maximal length is 12, there Would be a need to 
encode the folloWing: 
000xxxxxxxxxxxxx0 
If any length events Would be alloWed, this Would corre 

spond to R(3,13). HoWever, if the maximal length is 12, one 
embodiment splits this up into a ?rst event: 
000xxxxxxxxxx 
and a second event: 

xxxx0. 
Thus, in one embodiment in Which a maximal length is 

de?ned, possible events include sequences that have the 
maximal length, and that end in a sequence of one or more 
non-zero-valued coef?cients Without the ending zero-valued 
coe?icient. Such events Would typically be folloWed in a 
region. This provides for encoding an event With more than 
the pre-determined number of coef?cients as a plurality of 
events of at most the maximal length Without using escape 
codes. TWo or more events that together de?ne a run of less 
than the maximal length zero-valued coef?cients folloWed by 
a run of any length of non-zero-valued coef?cients is called a 
“generalized event” herein in that it is treated as a single event 
for some purposes, including, for example, establishing the 
?rst and second region using What is called a soft boundary. 
See beloW for more details. 

Furthermore, When a maximal length id is de?ned for an 
event, an event of all zero-valued coef?cients is also de?ned 
to provide for coding of a “generalized event” that includes 
more than the maximal length of zero-valued coef?cients 
folloWed by one or more non-zero valued coef?cients fol 
loWed by a single zero-valued coef?cient. 
HoW to establish the breakpoint is described in the Basic 

Hybrid Coding Method. One version uses a ?xed breakpoint 
betWeen the ?rst, e.g., loW frequency region, and the second, 
e.g., high frequency region. In one embodiment, the ?xed 
breakpoint is pre-determined for each type of image and for 
each type of compression method by running experiments 
collecting statistics on a set of typical samples such images. 
Typically, different breakpoints are determined for: 

intraframe and still image coding vs. interframe coding; 
standard de?nition television images (SDTV) vs. HDTV 

images; 
high bit rate coding methods vs. loW bit rate coding meth 

ods; 
DCT vs. non-DCT transforms; 

and so forth. 
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When ?xed breakpoints are used, there is already an indi 
cation passed onto the decoder to indicate the type of image, 
e. g., Whether interframe or intraframe. Thus, there is typically 
no need to send a further indication to the decoder of the 
breakpoint. 

The inventors performed experiments on typical still 
imagesiapplicable also to intraframe images in motion cod 
ingiby performing variable length coding according to 
embodiments of the present invention, and plotting the siZe of 
the compressed image for different breakpoint values for the 
case of 8 by 8 blocks quantized to 127 non-Zero amplitudes 
using the DCT, and observed that a breakpoint of 22 Worked 
for most images, although some images Worked Well With a 
breakpoint of about 12. Therefore, in one embodiment for 
intraframe and still images for DCT transform coding, a 
pre-selected ?xed breakpoint of 22 Was used. 

In a ?rst variation, the breakpoint is image dependent and 
selected from a ?nite set according to a breakpoint selection 
criterion. For example, from the above-described experi 
ments, the compression using a ?rst breakpoint of 22 Was 
compared to the compression using a second breakpoint of 
10, and the breakpoint that gave the higher compression Was 
used. Other breakpoint selection criteria also are possible, 
e.g., by looking at the statistics of runs of Zero-valued coef 
?cients and non-Zero-valued coef?cients. 

When such an image-dependent breakpoint is used, an 
indication of the breakpoint is also sent With each set of 
coe?icients. In one embodiment, a 2-bit indication is sent. 
This provides for each block to be encoded using one of 4 
pre-de?ned breakpoints. In an alternate embodiment, the 
indication of Which pre-de?ned breakpoint is sent as a vari 
able length code such that more common breakpoints are 
encoded by a shorter code. 

While typically, the set of possible breakpoints is a small 
subset of the possible positions in the series, in yet another 
variation, the image dependent breakpoint is selected from 
anyWhere in the series, or, in an alternate variation, from 
anyWhere along a subrange. 

In an improved embodiment, instead of the breakpoint 
de?ning a ?xed boundary betWeen the ?rst and second region, 
called a “hard” boundary herein, or a set of breakpoints de?n 
ing a set of hard breakpoints, such that an event or generaliZed 
event that includes a sequence of up to the maximal length of 
consecutive Zero-valued coef?cients folloWed by a run of 
non-Zero values that crossed the breakpoint Would be 
regarded as a generaliZed event in the ?rst region up to the 
breakpoint. In such a case, the breakpoint de?nes What is 
called herein a “soft” boundary in that any event that started in 
the ?rst region Would be encoded in the ?rst region even if it 
crossed the breakpoint. Thus, the actual boundary for a par 
ticular block of coef?cients might extend beyond the break 
point. 

FIG. 11 shoWs a table of actual statistics for events in a ?rst 
region for a sample image With a breakpoint of 12 that forms 
a soft boundary. Note that this table includes a “skip” code to 
indicate to skip to the breakpoint, and corresponds to the 
event R(12,0) With the breakpoint at 12. In one alternate 
embodiment, any event R(12,0) Within less that 12 coef? 
cients from the boundary is also a skip event to skip to the start 
of the second region-applicable to a hard boundary, While in 
a second alternate embodiment applicable to a soft boundary, 
such an event Would be included in the next region, With the 
boundary moved to the start of such an event. 

In the above description, it is assumed that the signs of the 
non-Zero-valued coef?cients in each event are encoded using 
individual sign bits. 
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The coef?cients in the second, e.g., high frequency region 

also may be coded by a similar method, but using a different 
second coding table for the events matched to assumed or 
measured likelihoods of the events in the second region. Such 
a second coding table, for example, Would take into account 
the more scattered nature of non-Zero coe?icients in the sec 
ond region. For relatively loW-bit rate interframe coded 
images, such a code table Would also take into account that the 
non-Zero-valued coef?cients Would likely be dominated by 
amplitude 1. 

In one alternate embodiment, traditional 2D-VLC is used 
for the second region. 

In yet another alternate embodiment, the coef?cients in the 
second region are encoded by a second-region method 
described in the Basic Hybrid Method. That is, each run of 
none or more Zero-valued coe?icients in the second region 
folloWed by a single non-Zero-valued coef?cient is identi?ed 
and encoded by a runlength code using a variable length 
coding table, and the amplitude of the non-Zero-valued coef 
?cient is encoded by an amplitude coding method typically 
different than the amplitude coding method used for coef? 
cients in the ?rst region. An EOB code is used to indicate all 
remaining coef?cients are Zero-valued. A sign bit is used to 
encode the sign of the non-Zero-valued coef?cient. 

In yet another alternate embodiment, the coef?cients in the 
second region are encoded by a second-region method 
described in the Extended Hybrid Method that assumed non 
Zero-valued coef?cients are dominated by amplitide-1 coef 
?cients, such that no amplitude coding is used to encode an 
amplitude-1 coef?cient, and an exception code folloWed by a 
codeWord is used to encode any non-amplitude-1 coe?icient. 
That is, each run of none or more Zero-valued coef?cients in 
the second region folloWed by a single non-Zero-valued coef 
?cient is identi?ed and encoded by a runlength code using a 
variable length coding table. Any non-amplitide-1, non-Zero 
coe?icient is identi?ed by an exception code and, for 
example, encoded by an Escape code, and the amplitude of 
such non-Zero-valued, non-amplitide-1 coef?cient is encoded 
by an amplitude coding method typically different than the 
amplitude coding method used for coe?icients in the ?rst 
region. An EOB code is used to indicate all remaining coef 
?cients are Zero-valued. A sign bit is used to encode the sign 
of the non-Zero-valued coe?icient. 

More than TWo Regions 
An alternate embodiment includes more than tWo regions, 

i.e., more than one breakpoint de?ning the more than tWo 
regions. The inventors, for example, have observed that the 
?rst cluster of non-Zero-valued coef?cients often have larger 
amplitude values than later clusters of non-Zero-valued coef 
?cients. Therefore, in one embodiment, a ?rst region is 
de?ned by the ?rst event of a run of none or more Zero-valued 
coef?cients folloWed by a run of consecutive non-Zero -valued 
coef?cients folloWed by a single Zero-valued coe?icient. 
Such an event is coded using a ?rst variable length code, e. g., 
a ?rst variable length coding table. The amplitudes of the 
non-Zero-valued coef?cients are coded using a ?rst amplitude 
coding method, e.g., a ?rst variable length amplitude code. 
The signs of each non-Zero coe?icient also are encoded using 
a sign bit. The ?rst variable length event code and the ?rst 
amplitude coding method are constructed based on actual or 
assumed statistics for the ?rst event in the series, ignoring the 
DC term. 

A breakpoint is selected to de?ne a second and a third 
region. The coding of the coef?cients of the second region 
includes identifying events that include a ?rst run of one or 
more consecutive non-Zero-valued coef?cients folloWed by a 


















